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The impact of predator cues on prey suggests that some organisms may respond similarly to cues from dangerous heterospecific competitors. Interference competition, especially during Termites (Blattodea: Termitoidae) provide an ideal system for exploring cue-mediated 57 impacts of heterospecific competitors, the factor(s) altering their magnitude of these impacts, and 58 social buffering. These colonially-living insects communicate via chemical and vibrational cues, 59 and their almost-exclusive reliance on cellulose for nutrition prevents them from using other termite species as a food source. The two dominant termite castes are workers, the primary and susceptibility to stressors.
69
We assessed how Reticulitermes flavipes termite workers were affected by cues from 70 conspecific nestmate, conspecific non-nestmate, and heterospecific (R. virginicus) workers, and 71 how the presence of an R. flavipes soldier altered the response of R. flavipes workers. We 72 separated adjacent colonies using a semipermeable barrier that prevented physical contact but 73 allowed cue transmission, allowing us to isolate the impact of cues on R. flavipes workers. We 74 also explored how worker responses were affected by a conspecific soldier and by different 75 densities of soldiers and competitors. In addition to their direct role in colony defense, we show 76 that soldiers reduce the impact of competition stress on the relatively vulnerable worker caste.
77

Materials and Methods
78
Reticulitermes colonies 79 We used workers and soldiers from nine field-collected Reticulitermes flavipes colonies 80 (A1-A6, R1-R3) in this study. Workers from one field-collected R. virginicus colony (A7) were 81 used as the competitor. The distribution of these congeneric species overlaps throughout North 82 America, and each is agonistic towards the other (Polizzi and Forschler 1998 week of their collection to minimize the impact of isolation from their original colony; they were 86 maintained in growth chambers (complete darkness at 27 ± 1ºC, 80 ± 1% RH) and provisioned 87 with pine wood mulch and fine pine wood logs. We identified termite species by a combination 88 of soldier morphology and 16S mitochondrial ribosomal gene sequencing (Szalanski et al. 2003 ).
89
Behavioral survey: R. flavipes responses to conspecifics and heterospecifics 90 We assessed whether the presence of soldiers altered the behavioral responses of R.
91
flavipes workers to the non-lethal presence of conspecifics or a heterospecific competitor (R. injury, each body part on a given individual was only marked once. Marked workers were 97 transferred into another Petri dish; workers that sustained injury during marking were discarded. for a total of 12 replicates (three colonies x four treatments).
113
After adding termites into the periphery area, we covered and sealed each 55mm petri 114 dish to decrease dehydration risk. We then used a Canon VIXIA HF G20 video camera to record We recorded the following behaviors for each worker and for the soldier as per Korb and 124 Schmidinger (2004): locomotion, resting, feeding, grooming (both itself and another individual), 125 and vibration (rapid back-and-forward bodily movement). We also observed other behaviors 126 (e.g., trophallaxis, defecation, and moving nestmate corpses) that were too infrequent to analyze.
127
Although we marked 20 termite workers in each petri dish prior to the start of 128 observations, the markings on many workers were partially or totally rubbed off by the end.
129
Because we only analyzed data from workers whose behavior could be tracked throughout the Over a two-day period, we assessed whether the presence of soldiers affected the survival 137 of R. flavipes workers exposed to cues produced by two different R. virginicus worker densities. flavipes colonies R2, R3, and A6; workers from colony A7 were used as non-nestmate 162 conspecifics for colonies R2 and R3, and workers from colony R4 were used as non-nestmate 163 conspecifics for colony A6. There were three replicates per colony for each of the four 164 treatments, for a total of 36 replicates (three colonies x four treatments x three replicates).
165
Experiment III: Long-term impact of soldiers on worker feeding, growth, and survival
166
Over a 15-day period, we assessed whether soldiers (either one or two individuals) 167 altered the feeding rate, growth rate, and survival of R. flavipes workers exposed to R. virginicus We recorded worker mortality and removed dead workers each day for 15 days. While 182 dead R. flavipes workers were not replaced, we did replace dead R. flavipes soldiers and dead R. We provisioned R. flavipes workers with a paper disk that had been oven-dried at 100 ºC 188 for one hour and weighed before being moistened with 100ml deionized water and placed in the 189 test area. Every third day, we replaced the partially-consumed old disk with a new disk. We 190 brushed the old disk to remove extraneous material, then dried and weighed it; paper 191 consumption was calculated using the initial and final disk dry weights. We calculated paper 192 consumption rate ('PCR'; mg paper/mg termite/day) for each three-day period as follows:
193
((paper consumed, mg)/(total worker weight, mg))/3 days.
194
Statistical analysis
195
We analyzed the combined dataset on worker behavior using principal component 
Results
218
Termite cues altered worker and soldier behavior 219 Workers behaved very differently in the presence of conspecifics versus heterospecific 220 cues, and in the presence or absence of a conspecific soldier (Fig. 1, left had the opposite effect (Fig. 1, left panel) ; the interaction, however, was not significant (p = 0.5).
227
The second (21%) and third (20%) principal components reflected differences in soldier-present treatment than in the soldier-absent treatment (χ 2 = 8.28, df = 1, P < 0.004; Fig.   250 2B). The two-way interaction was not significant (p > 0.05).
Soldiers decreased the impact of conspecific non-nestmate cues on worker mortality
251
A single soldier buffered the chronic impact of competitor cues on workers
252
In the absence of soldiers, workers exposed to heterospecific cues consumed 32% less 
268
Worker mortality in the presence of conspecific cues was minimal: 6% over the 15-day 269 experiment (Fig 3C) . While heterospecific cues from even a small number of R. virginicus 
294
flavipes mortality scaled with heterospecific density ( Fig. 2A ; also compare these mortality 295 levels to the third-day numbers in Fig. 3c ) showed that workers were responding to both the The most likely explanation for our results appears to be that the combined impact of increases starvation risk (Schmitz et al. 1997 ).
309
The ability of a single termite soldier to buffer the lethal effects of competitor cues were never observed grooming (Fig. 1, left panel) . In contrast, the numerical dominance of 
320
While worker behaviors like rapid vibration may be required to quickly alert soldiers to a 321 potential threat, these energetically-costly actions should decrease once soldiers have responded.
322
Worker alarm/defensive behavior in the termite Nasutitermes princeps, for instance, virtually 
326
This hypothesis is consistent with the fact that doubling soldier densities had no additional 327 impact on workers (Fig. 3) . In the absence of soldiers, however, the energetic cost of continued 328 alarm behavior may eventually prove lethal to the signaling workers.
329
In addition to demonstrating a strong impact of competitor cues, our work also offers 
